The study was designed to explore the role of GIMAP family in non-small cell lung cancer (NSCLC) and its possible expression regulation mechanisms using existing biological databases including encyclopedia of DNA elements (ENCODE), gene expression omnibus (GEO), and the cancer genome atlas (TCGA). Methods: Lung squamous cell carcinoma (LUSC) and lung adenocarcinoma (LUAD) were used to evaluate the expression of GIMAPs in TCGA.
approximately more than 1,600,000 people die of lung cancer yearly [2] . There are several types of lung cancer. However, the most important type of lung cancer based on histological classification is non-small cell lung cancer (NSCLC), accounting for about 85% of all cases if lung cancer. The pathological subtypes of NSCLC mainly include adenocarcinoma, squamous cell carcinoma and large cell carcinoma [3] .
Several years of efforts and research has yielded some progress in the treatment of lung cancer. However, the main treatment of lung cancer is still limited to surgical chemotherapy, and the 5-year survival rate is still very low. Therefore, there is an urgent need to identify more sensitive and specific biomarkers for predicting tumor recurrence and prognosis to guide the treatment of NSCLC.
The human GTPase of the immunity-associated protein (GIMAP) family is composed of seven genes including GIMAP1, GIMAP2, GIMAP4, GIMAP5, GIMAP6, GIMAP7 and GIMAP8. In humans, the GIMAP subfamily genes are located in a cluster at 7q361 [4] , encoding an evolutionarily conserved GTP-binding protein that is preferentially expressed in immune cells. In experimental models and human pathology, specific members have been shown to be involved in the development of lymphocytes or in association with inflammation and autoimmune diseases [5] . Consistent with this, GIMAP1 is essential for the survival of naive and activated B cells in vivo [6] . GIMAP 4 participates in Th cell subset-driven immune balance through its role in T cell survival [7] . Deletion of GIMAP5 promotes the development of pathogenic CD4 + T cells and the development of allergic airway disease [8] . Similarly, GIMAP is a potential modifier in autoimmune diabetes, asthma and allergies [9] . In the latest report, aberrant activation of the GIMAP enhancer by oncogenic transcription factors in T-cell induces acute lymphoblastic leukemia [10] .
GIMAP is largely expressed in immune cells. It is also abundantly present in lung tissues, but the role of GIMAP in lung cancer has not been sufficiently reported.
This study aimed to explore the expression of GIMAP in lung cancer using bioinformatics methods, and to determine its possible mechanism of low expression.
It also seeks to add a key puzzle to the mechanism of NSCLC and to provide a new target for the diagnosis and treatment of NSCLC.
Material and methods

TCGA data visualization analysis
The cancer genome atlas (TCGA) database online analysis tool (http://gepia.cancer-pku.cn/) was used to analyze the expression of GIMAP family genes and T-cell acute leukemia 1(TAL1) by lung squamous cell carcinoma (LUSC) and lung adenocarcinoma (LUAD) in the NSCLC (LUAD tumor sample 483, normal sample 347; LUSC tumor sample 486, normal sample 338). Correlation function was then applied to analyze the correlation between TAL1 and GIMAP family gene expression.
GEO microarry data
Five mRNA gene expression profiles GSE19804, GSE33532, GSE27262, GSE101929 and GSE21933 were downloaded from the National Center for Subsequently, the linear models for microarray data (limma) package in R were used to calculate the probability of probes being differentially expressed between cases and controls. The fold change (FC) and its logarithm value (log FC) were also determined.
Corrected p-value < 0.05 and absolute |log2 fold change| > 1 were used to identify mRNAs that were differentially expressed significantly.
CHIP-seq analysis
Chip-seq analysis of H3K27ac was performed using A549 (ENCODE ： 
RNA-seq analysis and sh-TAL1
A549 (GEO: GSE93446), IMR-90 (GEO: GSE90257), left lung (GEO: GSM1101685), right lung (GEO: GSM1101692), lung (GEO: GSM1010946), left upper lobe (GEO: GSE88254) were used to perform RNA-seq. GSE72299 was used to perform sh-TAL1 analysis.
PPI network construction
We used TRING database https://string-db.org/ with PPI output as constructed on the website. All items of GIMAP interaction were selected, and Cytoscape_v3.6.0 was used to calculate cytohubba. Network graph was then constructed using the GSE19804, GSE33532, GSE27262, GSE101929 and GSE21933 microarry data.
Survival analysis of GIMAP family
Using the online survival analysis tool (http://kmplot.com/analysis/), we selected start KM plotter for lung cancer, as well as GIMAPs and TAL1 for overall survival analysis
Results
GIMAP family genes expression is downregulated in NSCLC
We explored the expression profile of GIMAP family genes in LUSC and LUAD using the TCGA dataset by online analysis tool GEPIA database (http://gepia.cancer-pku.cn/) [11] . The GEPIA box plots of GIMAP family gene expression levels showed that GIMAP1, GIMAP2, GIMAP4, GIMAP5, GIMAP6, GIMAP7 and GIMAP8 were low expressed in LUAD and LUSC except that the downgrade of GIMAP2 was not significant compared to the other six genes in LUAD ( Fig.1 ). However, the adjacent gene ZNF775 and TMEM176B to GIMAP family genes were not found to be altered.
GEO data confirms significant downregulation of GIMAPs in NLCSC
We set to confirm that GIMAPs are as consistently down-regulated as the TCGA database. Five NSCLC gene expression profiles (GSE19804, GSE33532, GSE27262, GSE101929, and GSE21933) were analyzed to confirm the GIMAP family genes that are expressed during tumorigenesis. The expression of mRNA in GIMAP family was significantly lower in NSCLC than in normal lung tissue. In addition, the amplitude of down-regulation of GIMAP2 was significantly weaker than that of the other GIMAP genes. The chromosome adjacent genes ZNF775 and TMEM176B did not exhibit any significant change ( Fig. 2 ).
H3K4me3 and H3K27ac in GIMAPs disappeared and H3K27me3 enhanced in NLCSC
Epigenetic modification plays an important role in the transcriptional activation and participates in a number of life activities including differentiation, proliferation, apoptosis, immunity and tumor. We analyzed H3K4me1, H3K4me3, H3K27ac and H3K27me3 sites in GIMAPs in three cell lines A549, PC-9, IMR-90 of NSCLC, and made comparisons of RNA-seq at this position with normal lung tissue. The epigenetic modification of H3K27ac on the GIMAPs disappeared in A549, PC-9 and IMR-90, but it was apparent in the normal lung and the left upper lobe ( Fig 3A) .
However, the H3K27ac on ZNF775 and TMEM176B did not change. Moreover, the epigenetic modification of H3K4me3 at the GIMAPs disappeared in A549, PC-9 and IMR-90 too. However, there was a clear presence in the normal lung tissue and the left upper lobe ( Fig 3B) . However, the H3K4me3 on ZNF775 and TMEM176B did not change. It is interesting to note that H3K4me3 was still present at the GIMAP2 chromosomal location of A549, PC-9, and IMR-90. H3K4me1 on the GIMAPs exhibited no differences on A549, PC-9, IMR-90 and normal lung tissue ( Fig 3C) .
However, in A549, PC-9 and IMR-90, H3K27me3 were significantly higher than that in normal lung tissue ( Fig 3D) . To confirm whether the expressions of GIMAPs in tumor cell lines were silenced, we performed RNA-seq of A549, IMR-90, left lung, right lung, lung and left upper lobe in TCGA and GEO. The data was consistent with the fact that the RNA-seq of the GIMAPs gene disappeared in A549 and IMR-90 but was apparent in normal tissues including left lung, right lung, lung and left upper lobe etc normal lung tissues ( Fig 3E) .
TAL1 is the transcriptional regulator of GIMAPs in NLCSC
Five NSCLC gene expression programs (GSE19804, GSE33532, GSE27262, GSE101929, and GSE21933) were used for PPI analysis. We observed that GIMAP family can be interacted with FGR, CSF2RB, ABI3BP, ZMH, MNDA, VTA, VG204, T4, GD4, GZMA, P2RY13, and C1orf162 (Fig .4A ). TAL1 is a transcription factor involved in the transcription regulation of the GIMAP family and is related to epigenetic modification of genes. We further analyzed the relationship between the GIMAP family and TAL1 expression and observed that the expression of TAL1 is closely and positively related to seven GIMAP family members (Fig .4B ). Further, using shTAL1-seq, we found that, except GIMAP5, the expression of GIMAP family significantly decreased (Fig. 4C ). Therefore, we speculated that in NLCSC, the expression of TAL1 is decreased, downregulating H3K27ac, H3K4me3 and promoting H3K27me3. This eventually leads to a down-regulation of the GIMAP family genes.
To further verify the regulatory mechanism of TAL1 on GIMAPs in NLCSC, Five NSCLC gene expression profiles (GSE19804, GSE33532, GSE27262, GSE101929, and GSE21933) were used for PPI analysis of TAL1. We found TAL1 may interact with PCAF, LSD1, HDAC1, HDAC2, TCF3 and EZH2. PCAF was found to be significantly increased, while LSD1, HDAC1, TCF3 and EZH2 were significantly up-regulated in lung cancer (F5A), which is consistent with the results in the TCGA database. Further correlation analysis of GIMAPs and PCAF, LSD1, HDAC1, HDAC2, TCF3 and EZH2 in the TCGA database showed that LSD1, HDAC1, TCF3 and EZH2 were significantly negatively correlated with GIMAPs, but PCAF were positively correlated. Therefore, we speculate that in NLCSC, TAL1 complex got involved in epigenetic modifications on H3K27ac, H3K4me3 and H3K27me3, eventually leading to a down-regulation of the GIMAPs gene.
Low expression of GIMAP family genes is associated with bad prognosis
The survival analysis of GIMAP family and TAL1 was performed using the http://gepia.cancer-pku.cn/ online tool in LUAD. The results showed that high levels of GIMAP1, GIMAP2, GIMAP4, GIMAP5, GIMAP, GIMAP7, GIMAP8 and TAL1 mRNA expression were associated with better overall survival for LUAD patients ( Fig.6 ).
Finally, overall survival analysis of GIMAP family and TAL1was also performed using the Kaplan-Meier plotter online tool (http://kmplot.com/analysis/). The results also showed that high levels of all members of GIMAP family and TAL1 mRNA was associated with better overall survival for lung cancer patients (Fig.7) .
Discussion
Lung cancer is the leading cause of cancer death and NSCLC accounts for about 85% of all primary cancers of the lung. LUSC and LUAD are the two most common pathological types of NSCLC. Most patients with NSCLC present with an advanced state of the disease at the time of diagnosis. Platinum-containing chemotherapy can prolong the survival of patients, but the prognosis of patients with advanced NSCLC is still very poor, with a 5-year survival rate of less than 15%.
The hGIMAPs genes encoding these small GTPases belong to a family that is evolutionarily conserved in Arabidopsis, mice, rats and humans. These have been postulated to regulate apoptosis, particularly in the case of diseases such as cancer, diabetes and infection [7, 12] . In this study, we used the TCGA and GEO databases to report down-regulation of hGIMAPs in NLCSC and analyzed that low expression of all seven GIMAP genes was associated with poor prognosis, which is consistent with shiao et al [13] . GIMAPs are generally considered to be T cell receptor stress molecules and function primarily to exert anti-apoptotic effects in the immune system [14] [15] [16] . The current study found that GIMAPs are present in exosomes and significantly down-regulated in the PBMC cells of lung cancer patients [17] [18] [19] .
Therefore, we surmised that down-regulation of GIMAPs in lung cancer led to deficiency of exogenous GIMAPs absorbed by T cells, leading to anti-tumor immune escape.
Epigenetic modifications include post-translational histones such as acetylation, phosphorylation, methylation, SUMOylation, and ADP-ribosylation and DNA methylation, which play a very complex regulatory role in transcription [20, 21] .
These modifications can function independently or in concert, and rely on context-dependent ways to promote activation or inhibition of chromatin-mediated gene expression [22, 23] . Epigenetic modifications in GIMAP family genes were scanned in the present study, considering that the consistent downregulation of them may be related to gene epigenetic modification. H3K27ac and H3K4me3 are transcriptionally activated epigenetic modifications, usually expressed in the enhancer position of genes [24] . In addition to H3K4me3, H3K4me1 is also an epigenetic modification that activates transcription. It usually occurs at the promoter position of the gene, making the gene more accessible by transcription factors, thereby activating transcription [25] . H3K27me3 is generally considered to be a histone modification that inhibits transcriptional activation compared to H3K4me1, H3K4me3 and H3K27ac [26] . This present study indicated that the transcriptional activation of GIMAPs was mainly regulated by H3K4me3 and H3K27ac, and the transcriptional inhibition was regulated by H3K27me3. The GIMAP family was less affected by H3K4me1 in the lung.
Scientists have proposed the concept of "histone code", which consists of a specific pattern of histone modifications and can be decoded by chromatin-related proteins that recognize histone modifications. The histone code encoding and decoding process is in a state of dynamic equilibrium under normal conditions.
Histone-modifying enzymes involved in encoding and decoding are often recruited to chromatin by DNA-binding transcription factors, ultimately leading to changes in chromatin structure and changes in gene expressio [27] . In order to further analyze the reasons for the down-regulation of GIMAP family genes, we used differentially expressed gene (DEG) to analyze PPI. The results showed that TAL1 was the upstream regulatory gene of GIMAP family, and is involved in epigenetic modifications. GIMAP and TAL1 expression were significantly positively correlated and shRNA-TAL1 results in down-regulating GIMAP expression. TAL1 is a member of the basic helix-loop-helix (bHLH) transcription factor family. Several studies have shown that TAL1 can act as a transcriptional activator or as a repressor in a context-dependent manner. The TAL1 transcription factor contains a threonine (Thr) residue and a serine (Ser) residue, which can be phosphorylated by protein kinase A (PKA), which can specifically disrupt the interaction between TAL1 and H3K4 demethylase LSD1, leading to increased H3K4 methylation and activation of target genes that have been suppressed in malignant hematopoiesis [28] . Moreover, in the process of erythroid differentiation, the interaction of TAL1 with the histone demethylase decreases, and the binding to the histone methyltransferase LSD1 increases, accompanied by H3K4 methylation [28] . Therefore, it is speculated that TAL1 may be a core factor in histone coding. During DNA transcription, TAL1 dynamically recruits histone acetyltransferases (P300/CBP-associated factor, PCAF), histone deacetylases (HDACs), histone methyl groups under normal conditions. In this study, PCAF was significantly down-regulated, and HDAC1 were significantly increased leading to decreased H3K27ac in lung cancer. At the same time, the histone demethylases EZH2 and LSD1 were significantly upregulated in this study, leading to decreased H3K4 methylation. The inhibitors of HDAC have shown the effect of inducing lung cancer cell death in clinical trial [29] . Histone methyltransferase inhibitors azacytidine and etinostat inhibit the expression of EZH2, thereby inhibiting NSCLC [30] .
In conclusion, our results show that the expression levels of the GIMAP gene family are consistently down-regulated followed by the disappearance of H3K27ac The regulatory mechanism of TAL1 on GIMAPs. A, the expression of TAL-1 interacted proteins in five datasets; B, the correlation between PCAF, LSD1, HDAC1, HDAC2, TCF3, EZH2 and GIMAP family genes. 
